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Following Wanek et al. (56) , gross protein depolymerisation and gross amino acid immobilisation were assayed by addition of each 4-40 µg uniformly 15 N-labeled amino acid mix (98 atom% 15 N, 20 amino acids) to triplicate samples of 2 g fresh litter. The amount of tracer added never exceeded 25% of the free amino acid pool present in the litter. The samples were incubated at 15°C and the assays were terminated after 2, 10, and 20 min by adding 14 mL 10 mM CaSO4 containing formaldehyde (end concentration 3.7%), which effectively inhibited protease activity but did not lyse microbial cells. After termination of the assays the tubes were shaken 5 min for amino acid extraction and centrifuged at room temperature for 5 min at 10 845 g. The supernatants were transferred to disposable 30 mL syringes and sequentially filtered through an attached filter device (Swinnex, Millipore) containing a disc of glass microfibre filter (GF/C, Whatman) and collected in a HDPE tube. After loading the extracts onto the cation exchange cartridges (OnGuardIIH, volume1cc, Hþ form; Dionex) for purification of amino acids, 10 mL deionized water were passed through the catridges to completely remove formaldehyde from the resin. Amino acids were eluted with 30 mL 3 M NH3 and the resin washed with 2 mL water. The eluates were collected in 100 mL conical glass bulbs for rotary evaporation. Internal standards (nor-valine, nor-leucine and parachlorophenylalanine) were added and the samples taken to dryness by rotary evaporation (38°C). The dry residue was redissolved in 1.5 mL 20% (v/v) ethanol, transferred to 2 mL plastic reaction vials and evaporated to dryness in a SpeedVac system overnight at 40°C (SVC100H, Savant). Amino acids were made amenable to gas chromatography (GC) by chloroformate derivatization procedure (74). Concentrations and 15 N: 14 N ratios of individual amino acids were determined by compound-specific isotope analysis with a gas chromatograph-quadrupole mass spectrometer system (GC-MS; Trace GC-DSQ, Thermo Fisher).
Gross rates of N mineralisation and ammonium consumption as well as nitrification and nitrate consumption were determined in quadruplicate 1.5 g aliquots of moist litter by addition of 2.5 mL 0.1 mM NH4Cl or KNO3 (10at% 15 N) (56). Assays were terminated after 4 and 24 h by extraction with 12.5 mL 2 M KCl, shaking for 60 min and filtration through cellulose filters. Ammonium and nitrate were quantified separately by microdiffusion with sequential addition of MgO and Devarda's alloy as described by Sorensen & Jensen (75) . Acid traps were dried and analysed for N content and at% 15 N by a continuous-flow isotope ratio mass spectrometer consisting of an elemental analyser (EA1110, CE Instruments) coupled via a ConFlo III interface (Finnigan MAT, Thermo Fisher) to the mass spectrometer (Delta PLUS , Finnigan MAT, Thermo Fisher).
We used a modified isotope pool dilution assay with inorganic 33 P to quantify gross P mineralisation and gross phosphate consumption (24, 76, 77) . We used acidified molybdate and isobutanol for partitioning dissolved inorganic P (Pi) and organic P (Po) (78). Acidified molybdate, used to complex Pi for extraction into isobutanol, was prepared by dissolving 50 g of ammonium molybdate [(NH4)6Mo7O24•4H2O] in 1 L of 2.3 M H2SO4. A stock solution without molybdate was prepared by dissolving 145.4 mg of antimony potassium tartrate in 1 L 0.5 M H2SO4. The reducing agent was prepared fresh daily by dissolving 1.32 g ascorbic acid in 250 mL of molybdate-free stock solution. For the isotope pool dilution assay duplicates of 1.3 g of moist litter were incubated with 2.5 mL of 33 P solution (20 kBq; carrierfree orthophosphoric acid in water, phosphorus-33 Radionuclide; PerkinElmer, Waltham, Massachusetts, USA) for 4 and 24 h in a water bath at 15°C. To stop incubations, 40 mL of 0.5 M NaHCO3 (pH 8.5) were added and shaken for 30 min. After centrifugation for 5 min at 5000 g, samples were filtered through ash-free filter paper. A 5 mL aliquot of this extract was added to a 40 mL HDPE plastic vial containing 5 mL of acidified molybdate, 10 mL of isobutanol, and 10 mL of deionized water. The vial was shaken for 2 min and allowed to settle. Then the isobutanol phase containing Pi was recovered and washed with 10 mL deionized water. After phase separation was complete, the aqueous phase was removed. A 3 mL aliquot of the isobutanol phase was transferred to a scintillation vial, 15 mL scintillation cocktail (Ultima Gold, PerkinElmer) was added, and the specific 33 P activity of Pi was determined by scintillation counting (liquid scintillation analyzer, Tri-Carb 1600 TR, Packard, Perkin Elmer). To determine Pi concentration in the isobutanol phase, 10 mL of reducing agent without molybdate was added to the isobutanol phase, shaken for 1 min, and allowed to settle. An aliquot (2 mL) of the blue isobutanol layer was transferred to glass cuvettes and P concentration was measured colorimetrically at 725 nm (DU 7400 Spectrophotometer, Beckman, Fullerton, California, USA) against KH2PO4 standards dissolved in 0.5 M NaHCO3 (pH 8.5) and processed as samples.
Respiration measurements
Heterotrophic respiration was measured using an infrared CO2 gas analyser (EGM-4, PP systems). A soil respiration chamber (SRC-1 Soil Respiration Chamber, PP systems) was placed on the top of the mesocosm and the bottom was closed with a gas tight lid. Carbon dioxide concentration in the headspace was continuously recorded at 5 s intervals for 70 s, and the averaged CO2 increase per second was used to calculate respiration rate.
Potential extracellular enzyme activities
Potential extracellular hydrolytic and oxidative enzyme activities were determined fluorimetrically and photometrically, respectively, according to standard assays (59, 60). The methylumbelliferone (MUF)-linked substrates used for the determination of 1,4-βcellobiosidase ('cellobiosidase'), chitinase/lysozyme ('chitinase') and acid phosphatase ('phosphatase') were 4-MUF-β-D-cellobioside, 4-MUF-β-D-N,N',N''-triacetylchitotrioside and MUF-phosphate, respectively. Leucine-amino-peptidase ('peptidase') was measured by using L-leucine-7-amido-4methylcoumarin (AMC) as a substrate. For the oxidative enzyme activity assays (peroxidase and phenol oxidase), we used L-3,4-dihydroxyphenylalanine (L-DOPA) as a substrate.
Phospholipid fatty acid analysis
Phospholipids were extracted from 0.5 g of litter according to Frostegård et al. (62) . Briefly, total lipids were extracted with chloroform/methanol/citric acid buffer and cleaned from neutral lipids using silica columns (LC-Si SPE; Supelco, Bellefonte, PA, USA) and successive chloroform, acetone and methanol elution. After addition of methyl-nonadecanoate (19:0) as an internal standard, phospholipids were converted to fatty acid methyl esters (FAME) by alkaline methanolysis. Samples were analysed by gas chromatography (Trace GC Ultra, Thermo Fisher Scientific) on a DB23 column (Agilent, Vienna, Austria). A FAME mix (bacterial fatty acid methyl ester mix, Supelco; and 37Comp. FAME Mix, Supelco) was used as quantitative standard.
Analyses of litter and dissolved nutrient concentrations
Total C and N content of litter was determined with an elemental analyser (Leco CN2000, Leco corp. St. Joseph, MI, USA). Litter P concentration was determined by inductively coupled plasma atomic emission spectrometry (ICP-Vista Pro, Varian, Darmstadt, Germany) after acid digestion of litter samples with a mixture of H2SO4 and HNO3 in a microwave oven (CEM MARS Express) (79). Lignin and cellulose contents of initial, inoculated litter samples were measured using an acid detergent fiber method (80).
Extractable C, N, and P were determined after extraction of 1.8 g moist litter in 50 mL 0.5 M K2SO4, shaking on a reciprocal shaker for 30 min at 200 oscillations and filtration through ash-free filter paper. Extracts were kept frozen at -20°C until analysis. Dissolved organic C and total dissolved N were analysed using a TC/TN analyzer (Shimadzu TOC-VCPH Organic C analyzer with TNM-1 module and ASI Autosampler, Shimadzu, Vienna, Austria). Ammonium and nitrate were determined with colorimetric methods, ammonium with a modified indophenol reaction and nitrate with the VCl3/Griess assay, as described in detail by Hood et al. (81) . Inorganic phosphate was measured photometrically based on phosphomolybdate blue reaction (82) with or without prior alkaline persulfate oxidation for total dissolved P and inorganic P, respectively (83). Microbial biomass N and P was determined by chloroform fumigation extraction (84). 
